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Description
BACKGROUND OF THE APPLICATION
1. Field of the Application

[0001] The application relates to the field of electric vehicles, and particularly to an interaction system between an
electric vehicle and a power grid.

2. Related Art

[0002] Due to advantages such as energy conservation and environment protection, easy maintenance, and quiet
and comfortable, and enjoying dividends from government policies, electric vehicles (EV) are accelerating to occupy the
global market. Conventional charging mode of the electric vehicles is to connect them to an electric vehicle supply
equipment (EVSE) (e.g., an AC charging pile) through an on board charger (OBC), and absorb electric energy from the
power grid to charge on board batteries. In recent years, V2G (vehicle-to-grid) technology attracts more and more
attention, and the core concept is to hope that the electric vehicles can feed the idle electric energy back to the power
grid. This is beneficial to suppress a peak-to-valley difference of the power grid, and can also bring economic benefits
to users.

[0003] In order to ensure stability of the power grid, a distributed power supply must conform to laws and regulations
of the local power grid to be allowed to be access to the power grid. Therefore, in order to operate the V2G, it is also
demanded that the OBC and the EVSE have a series of functions such as power support and abnormal protection as
required by laws and regulations of the power grid, and also own a suitable communication interface to facilitate receiving
function configuration information of the power grid sent downstream from the power corporation.

[0004] The existing bidirectional OBC and EVSE often do not support additional functions as required by laws and
regulations of the power grid. Meanwhile, the bidirectional OBC also lacks effective communication interface to receive
function configuration information of the power grid.

[0005] As shown in FIG. 1, it illustrates a structure of the existing V2G system, which mainly includes an EV and an
EVSE, wherein the EV mainly includes a battery, an OBC and an EVCC, and the EVSE mainly includes a charge and
discharge connection device and a SECC. The battery may be connected to the power grid through the OBC and the
charge and discharge connection device to form an energy flow among the EV, the EVSE and the power grid for charging
and discharging, and also form an information flow among the EV, the EVSE and a cloud service for delivering information.
However, in the existing conventional design, only the supply equipment communication controller (SECC) in the EVSE
has an external communication interface, and capable to receive function configuration information of the power grid.
Moreover, the SECC directly communicates with the electric vehicle communication controller (EVCC) only in the EV,
and communication timing and content are often strictly defined by the relevant charging standard (such as, 1ISO
15118-20), and cannot be self-defined to add additional contents. Therefore, the SECC cannot directly send the function
configuration information related to the power grid to the OBC, but can only realize portions about calculation of power
and determination of protection conditions in these functions by itself, and then send instructions of power control and
protection action to the OBC for execution. This causes that some functions having complex parameters or a high
requirement for response time cannot be better realized.

SUMMARY OF THE APPLICATION

[0006] An object of the application is to provide an interaction system between an electric vehicle and a power grid,
which can effectively solve one or more deficiencies in the prior art.

[0007] To achieve the object, the application provides an interaction system between an electric vehicle and a power
grid, including the electric vehicle including: a battery; and an on board charger including a bidirectional power conversion
circuit connected to the battery and an on board charger controller; an electric vehicle supply equipment including: a
charge and discharge connection device including a first contactor connected between the power grid and the bidirectional
power conversion circuit; and an interaction communication system including: an electric vehicle communication con-
troller; a supply equipment communication controller; and the on board charger controller controlling the bidirectional
power conversion circuit; wherein the supply equipment communication controller directly communicates with the electric
vehicle communication controller, the supply equipment communication controller indirectly communicates with the on
board charger controller via the electric vehicle communication controller through a first communication channel, and
the supply equipment communication controller further directly communicates with the on board charger through a
second communication channel.

[0008] The interaction system between the electric vehicle and the power grid according to the application sends the
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function configuration information related to the power grid by adding direct communication between the supply equipment
communication controller (SECC) and the on board charger (OBC), and on such basis, the power grid functions having
a high requirement for response time and in close relation with control of a switching converter of the OBC can be directly
executed in the OBC, thereby making reasonable use of resources, and ensuring that the interaction system between
the electric vehicle and the power grid according to the application conforms to the laws and regulations of the power grid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Exemplary embodiments are described in details with reference to the accompanying drawings, and the above
and other features and advantages of the application become more apparent.

FIG. 1 is a block diagram of a structure of the existing V2G system.

FIG. 2 is a block diagram of a structure of an interaction system between an electric vehicle and a power grid in one
embodiment of the application.

FIG. 3 is a block diagram of a structure of an interaction system between an electric vehicle and a power grid in
another embodiment of the application.

DETAILED EMBODIMENTS OF THE APPLICATION

[0010] Nowthe exemplaryembodiments are comprehensively described with reference to the accompanying drawings.
However, the exemplary embodiments can be implemented in various forms, and shall not be understood to be limited
to the described embodiments. On the contrary, providing these embodiments makes the application comprehensive
and complete, and concept of the exemplary embodiments are fully conveyed to those skilled in the art. The same
reference signs in the drawings represent the same or similar structure, so detailed descriptions are omitted.

[0011] When introducing the described and/or illustrated factors or constituent portions or the like, the words "one",
"first", "the" and "at least one" represent one or more factors or constituent portions, or the like. The terms "comprise",
"include" and "have" represent an open and including meaning, and refer to other factors or constituent portions, or the
like, except the listed factors or constituent portions, or the like. Moreover, when two components refer to "connect" or
"couple”, both may be directly connected or coupled, and may also have an intervention component. The embodiments
may use relative words, such as, "upper" or "lower" to describe a relative relation of one component over another
component. It can be understood that if the signed device is inverted up side down, the "upper"component becomes a
"lower" component. Moreover, the terms "first", "second" and the like in the claims are only used as signs, instead of
limiting to the numbers of the object.

[0012] In order to allow operation of the feedback network, the interaction system between an electric vehicle and a
power grid must conform to laws and regulations of the local power grid, and have a series of power grid functions as
specified in the laws and regulations of the power grid. Generally, the interaction system may include but not limited to
the following power grid functions:

(1) power regulation function, for example, including a fixed active power (fix P), a fixed power factor control (fix
PF), a fixed reactive power control(fix Q), a voltage-reactive power control (Volt-Var), an active power-power factor
control (Watt-PF), an active power-reactive power control (Watt-Var), a voltage-active power control (Volt-Watt), a
frequency-active power control (Freqg-Watt), an export power limiting function, and the like.

(2) fault ride through function, for example, including low voltage ride through (LVRT), high voltage ride through
(HVRT), low frequency ride through (LFRT), high frequency ride through (HFRT), and the like.

(3) fault protection function, for example, including over voltage protection (OVP), under voltage protection (UVP),
over frequency protection (OFP), under frequency protection (UFP), and export over power protection, and the like.
(4) enter service function, for example, including reconnection voltage and frequency detection, reconnection count-
down delay, and the like.

(5) island detection function.

[0013] As shown in FIG. 2, it illustrates a structure of an interaction system between an electric vehicle and a power
grid in one embodiment of the application, wherein main power lines of the system are shown by solid lines, and
communication and control lines of the system are shown by dotted lines. In the application, an interaction system 1000
between an electric vehicle and a power grid may include the electric vehicle (EV) 100, an electric vehicle supply
equipment (EVSE) 200 and an interaction communication system 300. The EV 100 includes a battery 110, an on board
charger (OBC) 120 and an electric vehicle communication controller (EVCC) 130. The OBC 120 may include a bidirec-
tional power conversion circuit 121 and an on board charger controller 122, and the bidirectional power conversion circuit
121 is connected to the battery 110 for converting an AC electric energy at a power grid side into a DC electric energy
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to charge the battery 110, or converting the DC electric energy stored in the battery 110 into the AC electric energy to
be discharged to a power grid (or a load) 400, thereby realizing bidirectional transmission of energy. The EVSE 200
may include a charge and discharge connection device 210 and a supply equipment communication controller (SECC)
230. The charge and discharge connection device 210 may include a first contactor 214 connected between the power
grid 400 and the bidirectional power conversion circuit 121, and for controlling the on/off state there between, and the
first contactor 214 may be but not limited to a circuit breaker. The interaction communication system 300 includes the
EVCC 130, the SECC 230 and the on board charger controller 122. The on board charger controller 122 controls the
bidirectional power conversion circuit 121. In the application, the SECC 230 directly communicates with the EVCC 130.
The SECC 230 indirectly communicates with the on board charger controller 122 via the EVCC 130 through a first
communication channel FCC, wherein the first communication channel FCC comprises a channel FCC1 and a channel
FCC2, the SECC 230 communicates with the EVCC 130 via the FCC1, the EVCC 130 communicates with the on board
charger controller 122 via a FCC2. The SECC 230 further directly communicates with the OBC 120 through a second
communication channel SCC.

[0014] In some embodiments of the application, the on board charger controller 122 may have a first extended com-
munication module 123, the SECC 230 may have a second extended communication module 233, and the second
communication channel SCC is connected between the first extended communication module 123 and the second
extended communication module 233.

[0015] Insome embodiments of the application, power line communication (PLC) may be adopted between the SECC
230 and the OBC 120, thus the second communication channel SCC may be coupled to a power line between the
bidirectional power conversion circuit 121 and the charge and discharge connection device 210. Those skilled in the art
may adjust communication carrier mode and its coupling line according to actual application, and the communication
carrier mode and the coupling line of the second communication channel SCC are not limited thereto.

[0016] Insome embodiments of the application, the SECC 230 may be provided with function configuration information
of the power grid 400 in advance, and may also communicate with an external entity 500 to acquire initial function
configuration information of the power grid 400, or communicate with the external entity 500 to acquire the function
configuration information of the power grid 400 and update function configuration information within the SECC 230, but
the application is not limited thereto. The function configuration information may include at least one or more of power
grid function enable signals, execution manners and execution parameters. The power grid function enable signals may
include signals corresponding to at least one or more power grid functions of power regulation function, fault ride through
function, fault protection function, enter service function and island detection function, but the application is not limited
thereto. The execution manners may include at least one or more information of different types of power regulation curve
and detection method, but the application is not limited thereto. The execution parameters may include at least one or
more information of parameters of the power regulation curve, action threshold and action time, but the application is
not limited thereto. Preferably, the SECC 230 communicates with the external entity 500 through an external commu-
nication interface 237, the external communication interface 237, for example, may be a gateway module, and the
external entity 500, for example, may include charging pile operators, grid corporations, energy management systems,
and/or cloud services, but the application is not limited thereto.

[0017] In some embodiments of the application, preferably, the on board charger controller 122 may acquire the
function configuration information of the power grid 400 through the second communication channel SCC.

[0018] In some embodiments of the application, the on board charger controller 122 may include a first power grid
function module 124, a first monitoring module 126 and a first driving module 125. The first monitoring module 126 may
monitor a circuit operating state of the bidirectional power conversion circuit 121, and the circuit operating state may
include at least one or more of an operating current, an operating voltage and an operating power. In other embodiments,
it may further include temperature, and the like, but the application is not limited thereto. The first power grid function
module 124 may generate at least a first control signal CS1 according to the function configuration information and the
circuit operating state of the bidirectional power conversion circuit 121, and the first control signal CS1 may control the
bidirectional power conversion circuit 121 through the first driving module 125 to regulate an output power or stop power
conversion, but the application is not limited thereto.

[0019] In some embodiments of the application, the EV 100 may further include a second contactor 140 connected
between the bidirectional power conversion circuit 121 and the first contactor 214, and the second contactor 140 may
be but not limited to a relay. The first power grid function module 124 may further generate a second control signal CS2
according to the function configuration information and the circuit operating states of the bidirectional power conversion
circuit 121, and the second control signal CS2 may control the second contactor 140 to break or close the connection
between the bidirectional power conversion circuit 121 and the first contactor 214 through the first driving module 125.
[0020] In some embodiments of the application, the SECC 230 may include a second power grid function module 234,
a second monitoring module 236 and a second driving module 235. The second monitoring module 236 may monitor
an operating state of a grid-connection point Pl between the EV 100 and the power grid 400, and the operating state of
the grid-connection point may include at least one or more of a grid current, a grid voltage and a grid power. The second
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power grid function module 234 may generate at least a third control signal CS3 according to the function configuration
information and the operating state of the grid-connection point, and the third control signal CS3 may control the first
contactor 214 to break or close the connection between the power grid 400 and the bidirectional power conversion circuit
121 through the second driving module 235.

[0021] In some embodiments of the application, the SECC 230 may have a first communication module (such as, a
second control pilot line module 238 and/or a second high level digital communication module 239, but the application
is not limited thereto). The EVCC 130 may have a second communication module (such as, a first control pilot line
module 138 and/or a first high level digital communication module 139, but the application is not limited thereto) and a
third communication module (such as, an internal communication module 137, but the application is not limited thereto).
The on board charger controller 122 may have a fourth communication module (such as, an internal communication
module 127, but the application is not limited thereto). The first communication channel FCC may include a first sub-
communication channel FCC1 and a second sub-communication channel FCC2. The first sub-communication channel
FCC1 is connected between the first communication module and the second communication module, and for example,
includes a sub-communication channel FCC 1-1 connected between the first control pilot line module 138 and the second
control pilot line module 238, and/or a sub-communication channel FCC1-2 connected between the first high level digital
communication module 139 and the second high level digital communication module 239. The second sub-communication
channel FCC2 is connected between the third communication module (such as, the internal communication module
137) and the fourth communication module (such as, the internal communication module 127).

[0022] The first sub-communication channel FCC1 may be coupled to a control pilot line or a private line between the
SECC 230 and the EVCC 130, but the application is not limited thereto. Signals transmitted through the first sub-
communication channel FCC1 may include a first information and a second information. The first information may be
transmitted by using basic analog communication, for example, to communicate through the sub-communication channel
FCC1-1, and the first information may include one or more of the following information for indicating: whether a charging
gun is inserted, whether the electric vehicle communication controller and the electric vehicle are prepared for charging,
what is the maximum charging current, and whether fault shutdown occurs, but the application is not limited thereto.
The second information may be transmitted by using high level digital communication, for example, to communicate
through the sub-communication channel FCC1-2, and the second information may include one or more of verification,
authentication, an estimated departure time, and charge and discharge power instruction, but the application is not
limited thereto.

[0023] In some embodiments of the application, the EV 100 may further include a battery management system (BMS)
150. The interaction communication system 300 may further include the battery management system 150. The battery
management system 150 may monitor a battery state of the battery 110. The battery management system 150 may
have a fifth communication module (such as, an internal communication module 157, but the application is not limited
thereto), and the first communication channel FCC may further include a third sub-communication channel FCC3 con-
nected between the fifth communication module (such as, the internal communication module 157) and the third com-
munication module (such as, the internal communication module 137).

[0024] In some embodiments of the application, the second power grid function module 234 may also generate the
at least one first control signal CS1 according to the function configuration information and the circuit operating states
of the bidirectional power conversion circuit 121, the first control signal CS1 may be sent to the EVCC 130 via the first
sub-communication channel FCC1, and the first control signal CS1 may control the bidirectional power conversion circuit
121 to regulate the operating power or stop power conversion through the first driving module 125.

[0025] In the embodiment shown in FIG. 2, the charge and discharge connection device 210 is connected to the
bidirectional power conversion circuit 121 through a single channel, such as, a charge and discharge channel CDC.
[0026] As shown in FIG. 3, itillustrates a structure of an interaction system between an electric vehicle and a power
grid in another embodiment of the application. What is different from the embodiment of FIG. 2 is that in the embodiment
of FIG. 3, the charge and discharge connection device 210 is connected to the bidirectional power conversion circuit
121 through a dual channel, which includes a charge channel CC and a discharge channel DC. Moreover, the charge
and discharge connection device 210 may further include a third contactor 215. In the embodiment shown in FIG. 3, the
first contactor 214 is used to control the on/off state of the charge channel CC, and the third contactor 215 is used to
control the on/off state of the discharge channel DC. The SECC 230 further includes a third monitoring module 236a,
the second monitoring module 236 may monitor the operating state of a grid-connection point P11 of the charge channel
CC, and the third monitoring module may monitor the operating state of a grid-connection point PI2 of the discharge
channel DC.

[0027] In the embodiment shown in FIG. 3, the second power grid function module 234 may further generate a fourth
control signal CS4 according to the function configuration information and operating state of the grid-connection point
P12, and the fourth control signal CS4 may control the third contactor 215 to break or close the connection between the
power grid 400 and the bidirectional power conversion circuit 121 through the second driving module 235. Moreover,
the second power grid function module 234 may generate the third control signal CS3 according to the function config-
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uration information and an operating state of the grid-connection point P11, and the third control signal CS3 may control
the first contactor 214 to break or close the connection between the power grid 400 and the bidirectional power conversion
circuit 121 through the second driving module 235.

[0028] In the application, the interaction system between an electric vehicle and a power according to the application
can use a single channel architecture (as shown in FIG. 2) or a dual channel architecture (as shown in FIG. 3). When
using the single channel architecture, charge and discharge power flows on the same line (such as, the charge and
discharge channel CDC in FIG. 2), the charge and discharge connection device 210 may break or close the connection
of the channel using the same switch (such as, the first contactor 214 in FIG. 2), and the second monitoring module 236
may monitor using the same instrument. When using the dual channel architecture, charging and discharging may use
two discrete lines (such as, the charge channel CC and the discharge channel DC in FIG. 3), the charge and discharge
connection device 210 may break or close the connection of the two channels respectively using two switches (such
as, the first contactor 214 and the third contactor 215 in FIG. 3), and the second monitoring module 236 and the third
monitoring module 236a may monitor states of the two lines using two differentinstruments, thereby separately controlling
the charge channel and the discharge channel, and further improving flexibility and accuracy of operation of the system.
[0029] Hereinafter the procedure of delivery of information flow (including various information and signals) involved
in the interaction system between an electric vehicle and a power grid of the application is further explained in details.
[0030] In some embodiments of the application, the SECC 230 and the EVCC 130 may have at least two different
communication modes:

the first communication mode: basic analog communication, which is implemented by the first control pilot line
module 138 at an EVCC side and the second control pilot line module 238 at a SECC side via a control pilot (CP)
line of the charging gun. Generally, the SECC 230 may generate PWM signals (i.e., CP signals) with a fixed frequency
and a variable duty ratio, and deliver information to the EVCC 130 through an amplitude and a duty ratio of the PWM
signals, and the EVCC 130 may also regulate the amplitude of the PWM signals through the way such as resistance
dividing voltage to return information to the SECC 230. Specific technical details may be executed following relevant
standard, such as, IEC61851-1. The basic analog communication can only deliver very simple information for indi-
cating, for example, whether a charging gun is inserted, whether the EVSE and the EV are prepared for charging,
what is the maximum charging current, whether fault shutdown occurs, and the like.

a second communication mode: high level communication (HLC), which is implemented by the first high level digital
communication module 139 at the EVCC side and the second high level digital communication module 239 at the
SECC side via the CP line of the charging gun or another private line. According to difference of reference standards,
the HLC can have multiple implementations, but the application is not limited thereto. A few typical implementations
are listed as follows:

implementation 1: referring to ISO15118-3 or DIN70121, it may be implemented by coupling PLC signals on
the CP line using the power line communication (PLC) mode, and the basic CP signals and the PLC signals
can be transmitted simultaneously without influence on each other by adding a filter network.

implementation 2: referring to IEC61851, it may be implemented by using local interconnect network (LIN)
communication mode via the CP line, and when using the LIN communication mode, the original PWM CP
signals will be replaced.

implementation 3: referring to CHAdeMO, it may be implemented by using controller area network (CAN) com-
munication mode via an additional CAN communication line.

[0031] The HLC can deliver information richer than the basic analog communication, such as, verification, authenti-
cation, an estimated departure time, and charge and discharge power instruction. However, specific timing and content
of the HLC communication protocol shall be defined following the standard, and cannot be self-defined to add additional
contents according to actual needs.

[0032] In some embodiments of the application, the EVCC 130, the on board charger controller 122, and the BMS
150 may communicate through the internal communication modules 127, 137 and 157, and specific communication
mode is not limited, for example, using CAN communication. The EVCC 130 may acquire charge and discharge plan
or charge and discharge power instruction from the SECC 230, acquire the current battery state (such as, SOC, etc.)
from the BMS 150 for calculating the desired charge and discharge power, and then the desired charge and discharge
power may be sent to the on board charger controller 122, so as to control the bidirectional power conversion circuit
121 to complete charge and discharge actions. Meanwhile, the EVCC 130 may also acquire information such as voltage,
current, power and temperature of the bidirectional power conversion circuit 121 from the on board charger controller
122, and feed these information back to the SECC 230 in real time. Through the way, indirect communication between
the SECC 230 and the on board charger controller 122 via the EVCC 130 are realized (i.e., indirect communication
through "the first communication channel FCC").
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[0033] Insomeembodiments of the application, the SECC 230 further directly communicates with the on board charger
controller 122 through a communication channel between the second extended communication module 233 and the first
extended communication module 123 (i.e., direct communication through "the second communication channel SCC"),
and specific communication mode is not limited. For example, it may be implemented by coupling the PLC signals on
an AC main power line using the PLC communication mode. Since the communication timing and content between the
SECC 230 and the on board charger controller 122 can be voluntarily designed according to actual needs, there is high
flexibility in terms of interaction of the communication content and implementation of the power grid functions.

[0034] In some embodiments of the application, the SECC 230 may communicate with the external entity 500 through
the external communication interface 237, the external communication interface 237, for example, may be a gateway
module, and the external entity 500 may include charging pile operators, grid corporations, energy management systems
(EMS), cloud services, and the like according to actual situations.

[0035] In some embodiments of the application, the function configuration information of the power grid may be saved
and managed by the SECC 230, or may be preset in the SECC 230 by installers when installing, or may also be sent
by the grid corporations to the SECC 230 through the external communication interface 237 when updating.

[0036] In some embodiments of the application, the power grid functions may have at least the following three imple-
mentations:

implementation 1: directly processing the power grid functions in the second power grid function module 234 of the
SECC 230 for controlling the charge and discharge connection device 210 to perform protection action of discon-
nection via the second driving module 235.

implementation 2: directly processing the power grid functions in the second power grid function module 234 of the
SECC 230, then sending the processing results to the on board charger controller 122 via the first communication
channel FCC for controlling the bidirectional power conversion circuit 121 to perform power regulation action or stop
charge and discharge protection action.

implementation 3: sending the function configuration information and other essential information of the power grid
from the SECC 230 to the on board charger controller 122 via the second communication channel SCC, processing
the function configuration information and other essential information of the power grid in the first power grid function
module 124 of the on board charger controller 122 for directly controlling the bidirectional power conversion circuit
121 to perform power regulation action or stop charge and discharge protection action.

[0037] In the application, according to specific laws and regulations and actual situations, the respective power grid
functions can be implemented using one or a combination of several modes.

[0038] Generally, the functions relating to the control of the OBC operation and having a requirement for short response
time may be implemented by the implementation 3, and the functions relating to operation of the charge and discharge
connection device 210 or the functions without a requirement for short response time may be implemented by the
implementation 1 or 2. Table 1 gives an implementation example:

Table 1

Power Implementation 1 Implementation 2 Implementation 3
Grid Func-

tions

1 power NA calculating the desired sending the configuration

regulation active power and reactive information to the on board
function power in the second power | charger controller 122 via the
(fix P, fix grid function module 234 in | second communication channel
PF, fix Q, real time, then sending the SCC in advance, calculating the
Volt-Var, desired active power and desired active power and reactive
Watt-PF, reactive power to the on power in the first power grid
Watt-Var, board charger controller 122 | function module 124 in real time
Volt-Watt, via the first communication for controlling the output power of
Freg-Watt, channel FCC for controlling | thebidirectional powerconversion
export an output power of the circuit 121
power bidirectional power
limiting conversion circuit 121
function)
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(continued)
Power Implementation 1 Implementation 2 Implementation 3
Grid Func-
tions
2 fault ride NA NA sending the configuration
through information to the on board
function charger controller 122 via the
(LVRT, second communication channel
HVRT, SCC, determining fault ride
LFRT, through in the first power grid
HFRT) function module 124, and then
controlling the bidirectional power
conversion circuit 121 to
momentary stop or recover the
charge and discharge actions
3 fault detecting the faultin the second | NA sending the configuration
protection power grid function module 234, information to the on board
function and after the fault is detected, charger controller 122 via the
(OVP, and then controlling the charge second communication channel
UVP, and discharge connection SCC, detecting faults in the first
OFP,UFP, | device 210 to perform the power grid function module 124,
export protection action of and controlling the bidirectional
over disconnection via the second power conversion circuit 121 to
power driving module 235 perform the protection action of
protection) stop charging or discharging.
4 enter perform reconnection voltage NA NA
service and frequency detection and
function reconnection countdown delay
in the second power grid
function module 234, and only if
the reconnection voltage and
frequency conditions are
satisfied and after countdown
ends, the SECC 230 allows the
charge and discharge
connection device 210 to close,
and continue the timing flow of
charging and discharging
§ island NA NA sending the configuration
detection information to the on board
function charger controller 122 via the
second communication channel
SCC, performing the island
detection function in the first
power grid function module 124,
and controlling the bidirectional
power conversion circuit 121 to
perform reactive injection action
for active islanding detection, and
stop charging or dischargingwhen
islanding is detected

[0039] In table 1, NA represents that the function can be implemented by other implementations. For example, as for
power regulation function, in the American standard IEEE 1547-2018, the shortest response time of Freq-Watt is 0.2s.
However delay of the first communication channel FCC and delay of the OBC control cannot satisfy such requirement.
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In the implementation 3, the configuration information may be sent to the on board charger controller 122 via the second
communication channel SCC in advance, and the desired active power and reactive power are in real time calculated
without additional communication delay in the first power grid function module 124 of the on board charger controller
122, thus the requirement for fast response can be satisfied. Meanwhile, in some embodiments, the power regulation
function further includes, but not limited to at least a part of the configuration information of power regulation enable bit,
power regulation curve, and the like, and when the first communication channel FCC is a standard data transmission
channel, as for the lacked definition of relevant data transmission, the transmission data may be self-defined through
the second communication channel SCC, and then the relevant configuration information is transmitted in order to realize
more power grid functions. As for the fault ride through function in the American standard IEEE 1547-2018, LVRT requires
that when a power grid voltage drops less than 50%, the OBC momentary stops outputting within 83ms, and recovers
outputting after the power grid voltage is recovered. During information interaction, communication delay on the first
communication channel FCC and delay of the OBC control will cause a long time response, thus it is difficult to satisfy
such requirement. Through the implementation 3, the fault ride through function enables ride through detection and
action to be implemented by the OBC without additional communication delay, thereby satisfying the requirement of fast
response. Meanwhile, the configuration information includes, but not limited to non-standard communication information
such as fault ride through threshold, and fault ride through response time. For another example, when the power grid
has fault, the implementation 3 allows the fault protection action to be directly performed by the OBC by disconnecting
connection between the power grid and the vehicle, and can avoid generating a high surge voltage or surge current in
the power circuit in the case that the fault protection function cuts off the power grid without informing the operating
OBC, thereby avoiding device damage in the OBC. The configuration information of the fault protection function includes,
but not limited to fault protection threshold and fault protection time. In active island detection, a common disturbance
method is to inject the reactive power to the power grid according to a real-time-frequency of the power grid, and
communication delay on the first communication channel FCC cannot satisfy the real-time requirement. The implemen-
tation 3 enables relevant control, detection and protection actions to be implemented by the OBC without additional
delay, thereby satisfying the real-time requirement, and configuration information of the island detection function includes,
but not limited to island function enable bit, island detection method selection, reactive injection value setting and island
detection threshold. Since there is no definition in HLC communication protocol, the configuration information of the
power grid functions often cannot be sent through the first communication channel FCC, and only can be sent through
the second communication channel SCC, so when lacking definition in the first communication channel FCC, such
configuration information may be sent through the second communication channel SCC, and various power grid functions
and configuration information are not limited thereto.

[0040] To sum up, inthe interaction system between the electric vehicle and the power grid, since a part of power grid
functions has the requirement of accuracy, rapidity and reliability, the implementation 1 or 2 cannot satisfy a part of
characteristics. The application acquires direct communication between the electric vehicle and the power grid by adding
the second communication channel SCC, and direct communication can save communication time during the interaction
between the power grid and the electric vehicle, and then satisfy the rapidly requirement of the power grid functions.
Duetothe need of accuracy realization of the power grid functions, electric vehicle needs various configuration information
for power grid function implementation. The second communication channel SCC can self-define the transmission way
and content of relevant configuration information, thereby satisfying the requirement of accuracy of the electric vehicle
for implementation of the power grid functions, also improving flexibility of configuration of the power grid functions, and
ensuring that the interaction system between the electric vehicle and the power grid of the application can conform to
the laws and regulations of various power grids. Since the electric vehicle acquires relevant configuration information
through the second communication channel SCC, and completes relevant actions of calculation, detection and control
inside, a calculating pressure of the supply communication equipment can be reduced, thereby improving operation
performance of the interaction system between the power grid and the electric vehicle.

[0041] The exemplary embodiments of the application are illustrated and described in details. It shall be understood
that the application is not limited to the disclosed embodiments, and on the contrary, the application intends to cover
various modifications and equivalent arrangements included in spirit and scope of the appended claims.

Claims

1. Aninteraction system (1000) between an electric vehicle (100) and a power grid (400), characterized in that the
interaction system (1000) between an electric vehicle and a power grid comprising:

the electric vehicle (100) comprising:

a battery (110);
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an on board charger (120) comprising a bidirectional power conversion circuit (121) connected to the battery
(110) and an on board charger controller (122);

an electric vehicle supply equipment (200) comprising:

a charge and discharge connection device (210) comprising a first contactor (214) connected between the
power grid (400) and the bidirectional power conversion circuit (121);

an interaction communication system (300) comprising:

an electric vehicle communication controller (130);
a supply equipment communication controller (230);
the on board charger controller (122) controlling the bidirectional power conversion circuit (121);

wherein the supply equipment communication controller (230) directly communicates with the electric vehicle
communication controller (130);

the supply equipment communication controller (230) indirectly communicates with the on board charger con-
troller (122) via the electric vehicle communication controller (130) through a first communication channel (FCC);
and

the supply equipment communication controller (230) further directly communicates with the on board charger
(120) through a second communication channel (SCC).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 1, wherein
the on board charger controller (122) comprises a first extended communication module (123), and the supply
equipment communication controller (230) comprises a second extended communication module (233), wherein
the second communication channel (SCC) is connected between the first extended communication module (123)
and the second extended communication module (233).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 1, wherein
power line communication is adopted between the supply equipment communication controller (230) and the on
board charger (120), and the second communication channel (SCC) is coupled to a power line between the bidi-
rectional power conversion circuit (121) and the charge and discharge connection device (210).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 1, wherein
the supply equipment communication controller (230) is provided with function configuration information of the power
grid (400), and/or communicates with an external entity (500) to acquire the function configuration information of
the power grid (400), and the function configuration information comprises at least one or more of power grid function
enable signals, execution manners and execution parameters,

wherein the on board charger controller (122) acquires the function configuration information of the power grid
(400) through the second communication channel (SCC)

wherein the power grid function enable signals comprise at least one or more signals corresponding to power
grid functions of power regulation function, fault ride through function, fault protection function, enter service
function and island detection function,

the execution manners at least comprise one or more of regulation curve types and detection method;

the execution parameters at least comprise one or more of regulation curve parameters, action threshold and
action time.

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 4, wherein
the on board charger controller (122) comprises a first power grid function module (124), a first monitoring module
(126), and a first driving module (125); wherein,

the first monitoring module (126) monitors an operating state of the bidirectional power conversion circuit (121),
and the operating state comprises at least one or more of an operating current, an operating voltage and an
operating power;

the first power grid function module (124) generates at least one first control signal (CS1) according to the
function configuration information and the operating state of the bidirectional power conversion circuit (121),
and the first control signal (CS1) controls the bidirectional power conversion circuit (121) to regulate the operating
power or stop power conversion through the first driving module (125).

10
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The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 5, wherein
the electric vehicle (100) further comprises a second contactor (140) connected between the bidirectional power
conversion circuit (121) and the first contactor (214); wherein,

the first power grid function module (124) further generates a second control signal (CS2) according to the function
configuration information and the operating state of the bidirectional power conversion circuit (121), and the second
control signal (CS2) controls the second contactor (140) to break or close the connection between the bidirectional
power conversion circuit (121) and the first contactor (214) through the first driving module (125).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 5, wherein
the supply equipment communication controller (230) comprises a first communication module (238, 239), the electric
vehicle communication controller (122) comprises a second communication module (138, 139) and a third commu-
nication module (137), and the on board charger controller (122) has a fourth communication module (127); wherein
the first communication channel (FCC) comprises a first sub-communication channel (FCC1) connected between
the first communication module (238, 239) and the second communication module (138, 139), and a second sub-
communication channel (FCC2) connected between the third communication module (137) and the fourth commu-
nication module (127).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 7, wherein
the supply equipment communication controller (230) comprises a second power grid function module (234), a
second monitoring module (236), and a second driving module (235); wherein,

the second monitoring module (236) monitors an operating state of a grid-connection point (Pl) between the
electric vehicle (100) and the power grid (400), and the operating state of the grid-connection point (Pl) comprises
at least one or more of a grid current, a grid voltage and a grid power;

the second power grid function module (234) generates at least one third control signal (CS3) according to the
function configuration information and the operating state of the grid-connection point, (Pl) and the third control
signal (CS3) controls the first contactor (214) to break or close the connection between the power grid (400)
and the bidirectional power conversion circuit (121) through the second driving module (235).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 8, wherein
the interaction communication system (300) further comprises a battery management system (150) for monitoring
a battery state of the battery (110); the battery management system (150) comprises a fifth communication module
(157), and the first communication channel (FCC) further comprises a third sub-communication channel (FCC3)
connected between the fifth communication module (157) and the third communication module (137).

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 8, wherein
the second power grid function module (234) at least generates a first control signal (CS1) according to the function
configuration information and the operating state of the bidirectional power conversion circuit (121) , the first control
signal (CS1) is sent to the electric vehicle communication controller (130) via the first sub-communication channel
(FCC1), and the first control signal (CS1) controls the bidirectional power conversion circuit (121) to regulate the
operating power or stop power conversion through the first driving module (125) .

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 7, wherein
signals on the first sub-communication channel (FCC1) comprise a first information using basic analog communi-
cation, and a second information using high level digital communication; the first sub-communication channel (FCC1)
is coupled to a control pilot line or a private line between the supply equipment communication controller (230) and
the electric vehicle communication controller (130),

wherein,the firstinformation comprises one or more of the following information forindicating: whether a charging
gun is inserted, whether the electric vehicle communication controller and the electric vehicle are prepared for
charging, what is the maximum charging current, and whether fault shutdown occurs;

the second information comprises one or more of verification, authentication, an estimated departure time, and
charge and discharge power instruction.

The interaction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 8, wherein,

the charge and discharge connection device (210) is connected to the bidirectional power conversion circuit (121)
through a single channel.
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13. Theinteraction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 8, wherein,

the charge and discharge connection device (210) is connected to the bidirectional power conversion circuit
(121) through a dual channel, which comprises a charge channel (CC) and a discharge channel (DC) ;

the charge and discharge connection device (210) further comprises a third contactor (215), the first contactor
(214) is configured to break and to close the charge channel (CC), and the third contactor (215) is configured
to break and to close the discharge channel (DC) ;

the supply equipment communication controller (230) further comprises a third monitoring module (236a), the
second monitoring module (215) monitors the operating state of a grid-connection point (P11) on the charge
channel (CC), and the third monitoring module (236a) monitors operating state of a grid-connection point (P12)
on the discharge channel (DC).

14. Theinteraction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 13, wherein,
the second power grid function module (234) further generates a fourth control signal (CS4) according to the function
configuration information and the operating state of the grid-connection point (P12) on the discharge channel (DC) ,
and the fourth control signal (CS4) controls the third contactor (214) to break or to close the connection between
the power grid (400) and the bidirectional power conversion circuit (121) through the second driving module (235).

15. Theinteraction system (1000) between an electric vehicle (100) and a power grid (400) according to claim 4, wherein,

the supply equipment communication controller (230) further communicates with the external entity (500) through
an external communication interface (237) ,

wherein,the external communication interface (237) is a gateway module; and/or

the external entity (500) comprises at least one type of charging pile operators, grid corporations, energy man-
agement systems, and/or cloud services.

12
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